A VAST amount of material has been reported concerning the hemodynamic changes and the clinical syndrome associated with a patent ductus arteriosus. The key clinical signs of a continuous murmur, high pulse pressure, active heart and normal electrocardiogram have been repeatedly stressed by numerous authors.1-4 The risk of error in diagnosis if the classic continuous murmur is lacking has been emphasized.
Although the absence of a continuous murmur in the pulmonary area casts doubt upon the diagnosis, a large patent ductus may exist without a typical murmur. Indeed, it is well known that a continuous murmur is seldom heard in infancy. Moreover, it may be absent in patients who have pulmonary hypertension or who are in heart failure.5-8 Nevertheless, a large patent ductus can cause acute cardiac embarrassment and may possibly lead to irreversible pulmonary vascular changes. Therefore, the diagnosis of a large patent ductus in the absence of the characteristic continuous murmur is important.
The purpose of this paper is to present our experience in 24 patients in whom the clinical diagnosis of patent ductus was considered despite the absence of a typical continuous murmur. All these patients were operated on during 1950 : of the 24, 15 were proved to have large From the Department of Pediatrics of the Johns Hopkins University and the Cardiac Clinic of the Harriet Lane Home of the Johns Hopkins Hospital, Baltimore, Md. patent ductuses, two to have aortic septal defects, and seven to have high ventricular septal defects, or hearts of the Eisenmenger type.* This high percentage of diagnostic error prompted us to review this series in a search for better differential points.
The clinical syndrome presented by patients in this series was remarkably uniform despite the distinct differences in the malformation present. The findings usually were: failure to grow and develop normally, repeated episodes of pneumonia, dyspnea, early onset of cardiac failure, usually a high pulse pressure and bounding pulse, splitting and accentuation of the second sound at the base, a systolic murmur along the left sternal border, and commonly an apical rumbling mid-diastolic murmur. Fluoroscopy and x-ray showed a generalized cardiac enlargement and usually specific enlargement of the left auricle, increased pulmonary vascular markings and often a hilar dance. Electrocardiograms usually showed a normal electrical axis and no ventricular hypertrophy in the precordial leads. In those patients catheterized *The seven cases of ventricular septal defect reported here in no way resemble the classic case of maladie de Roger. It is extremely difficult to differentiate a large ventricular defect from early Eisenmenger's complex. Indeed, in the one patient studied at autopsy the aorta over-rode the ventricular septal defect to a slight degree. In this paper no effort has been made to differentiate a high ventricular septal defect from an early Eisenmenger's complex. Refer Fluoroscopy: The heart was very active and en-larged (cardiothoracic ratio 64 per cent); there was enlargement of both ventricles, the left auricle and the main pulmonary artery segment. There were increased pulmonary vascular markings and a hilar dance. The aorta was normal in size and position, but was unduly active. X-rays confirmed the fluoroscopic findings ( fig. 3 ).
Blood Findings: Red blood cells were 3.81 million per cu. mm. Hemoglobin was 9 Gm. per 100 cc.
Electrocardiogram: The P-R interval was 0.12 second, The QRS duration 0.05 second. The electrical axis was normal. The T waves in lead I and V6 were low. Interpretation: The borderline low T mal. The coronary vessels arose normally. Three or 4 mm. from the origin of the aorta there was a window defect between the aorta and pulmonary artery measuring 1.2 cm. by 1.3 cm. (fig. 4) . The main pulmonary artery and its branches were of large caliber with thickened walls. The intrapulmonary vessels were prominent.
Microscopic sections of the lungs revealed that the intrapulmonary arteries had a normal distribution. Several of these showed severe intimal proliferation associated with medial thickening. No thrombi were seen. The large pulmonary and bronchial arteries were normal.
Final Diagnosis: (1) Aortic septal defect, (2) appeared normal at birth. At 6 weeks of age she developed rapid grunting respirations and a heart murmur was heard. Her feeding was difficult and her weight gain was very slow.
Physical Examination: Weight 9 lbs., respirations 80, pulse 150. She was small, thin, pale, and looked chronically ill. Her respirations were rapid and shallow. There was no chest deformity. Her femoral and brachial pulses were bounding in character with a blood pressure of 90/20. The maximal apical impulse was in the sixth left intercostal space outside the midelavicular line. There was a harsh systolic murmur over the entire precordium which was maximal in the second and third left intercostal spaces. No dicstolic murmurs were heard. The second heart sound in the pulmonary area was accentuated and split. The lungs were clear. The liver edge was felt two fingerbreadths below the right costal margin. The liver was firm but did not pulsate. There was no edema or cyanosis.
Fluoroscopy: The heart was grossly enlarged and overactive (cardiothoracic ratio 67 per cent). There was enlargement of both ventricles and both auricles. The left auricle appeared larger than the right. ductus. This is indeed a high incidence of error in diagnosis.
The majority of these patients were young, 19 being under 5 years of age. Most of them were easily fatigued and had exertional dyspnea (see table 1). Pneumonia had occurred in 17. Our youngest patient with a patent ductus (4 months) had acute pulmonary edema. Pulmonary edema and pneumonia, however, give very similar signs in early life and hence the incidence of pulmonary edema may well have been higher. Thirteen were in cardiac failure. Marked cardiac enlargement was the rule, for 17 had cardiothoracic ratios of over 60 per cent. It is worthy of note that the incidence of cardiac failure was lower in the patients with a patent ductus than in the patients with ventricular septal defects, although in general the former had the larger hearts.
Twenty-one patients had high pulse pressures and bounding pulses. The highest pulse pressures occurred in patients with a patent ductus and an aortic septal defect, but many of the patients with ventricular septal defects had high pulse pressures. Furthermore, one patient with a patent ductus had a normal pulse pressure. Thus, the quality of the pulse and the pulse pressure were of no diagnostic aid. The typical continuous machinery murmur was not heard in any of the patients. Our oldest patient with a ventricular defect, aged 11 years, we misdiagnosed as a patent ductus because upon exercise his basal systolic murmur seemed to extend into diastole and his pulse pressure increased. In four others the systolic murmur at times seemed to extend slightly into diastole. Rumbling mid-diastolic murmurs at the apex were heard in 10 patients with a patent ductus and in one with a ventricular septal defect. An apical presystolic murmur was present in two patients with patent ductuses. Systolic murmurs were always present, but the site of maximal intensity varied. The commonest site was in the second and third left intercostal spaces; however, in nine patients with a patent ductus the murmurs were maximal at the lower end of the sternum or at the apex.
Fluoroscopy and x-ray in each instance showed increased pulmonary vascularity, but not always increased hilar pulsations. The main pulmonary artery segments were convex. Generalized cardiac enlargement was the rule; there was definite left auricular enlargement in confirmed the diagnosis of patency of the ductus. This high incidence of intubation of the ductus is perhaps explained by the large size of the ductuses and the pulmonary hypertension. Cardiac catheterization. however, is not infallible. An aortic septal defect gives the same findings as a patent ductus arteriosus. Furthermore, when a patent ductus is complicated by pulmonary regurgitation, the findings are very similar to those in a ventricular defect. A ventricular defect may also be confused with a patent ductus arteriosus if the blood sample from the outflow tract of the right ventricle is not taken close to the pulmonary valve in the stream of blood passing through the defect from the left ventricle to the pulmonary artery.
RESULTS OF OPERATION The mortality rate in this series is high. Four patients died as a result of operation. Two died within 24 hours of surgery, one, a patient with a patent ductus (case 4) and one patient with an aortic septal defect (case 24). There were two late deaths; one patient with a ventricular septal defect who died 19 days after surgery from aspiration pneumonia (case 9) , and another patient who died six months after the closure of the ductus, during a second operation undertaken in an attempt to remove an infected aneurysm which had developed in and around the ductus (case 13).
The 13 with patency of the ductus arteriosus who survived have been greatly helped. Those in heart failure improved rapidly, and all are living normal active lives. In every one there has been a marked decrease in heart size. The diastolic murmurs disappeared in all in the immediate postoperative period. Examination six months postoperatively revealed that three patients (cases 9, 13, 14) had developed typical continuous murmurs in the pulmonary area, suggesting recanalization of the ductus. Three other patients (cases 5, 7, 15) had loud systolic murmurs and thrills in the third and fourth left intercostal spaces close to the sternum, suggestive of additional malformations, probably small ventricular defects. Two other patients had soft, high-pitched systolic murmurs over the precordium which might be functional. Further follow-up is necessary before we can be certain as to the presence or absence of additional cardiac malformations in these last five patients.
DISCUSSION
The most significant findings in the patients with a patent ductus were the marked degree of pulmonary hypertension found by catheterization and at surgery, and the unusually large ductus arteriosus which approximated the aorta in size (see table 3 ).
An accurate comparison of brachial and pulmonary arterial blood pressures is not possible, since pressures were not recorded simultane- gradually during the first six to seven months of life. The rise in systemic pressure and the gradual fall in pulmonary arterial pressure results in a flow of blood through the ductus arteriosus. The blood flow at first will be only during systole and the murmur will be purely systolic. When the systemic diastolic pressure becomes greater than the pulmonary diastolic pressure, the blood flow through the patent ductus will be continuous and the murmur will assume its characteristic continuous quality. Usually this continuous murmur appears about the age of two to three years. In the presence of pulmonary hypertension, however, the onset of the continuous murmur will be delayed until the systemic pressure has risen to a proportionately higher level.3 Dr. Helen Taussig15 has observed a number of patients with a patent ductus and a large heart who have not developed a continuous murmur until the age of five or six. The development of a continuous murmur in the two patients in whom we think recanalization has occurred and in the child who developed an aneurysm and continuous murmur and died at the time of the second operation suggests that during the period when their ductuses were occluded, the pressure in the pulmonary arteries fell. Hence, with recanalization of the ductus, the pressure gradient between the aorta and the pulmonary arteries was sufficient to produce a continuous flow of blood through the ductus and a continuous murmur. There is increasing evidence that prolonged pulmonary hypertension causes secondary changes in the pulmonary vascular bed.'6 These changes probably cause a further rise in the pulmonary arterial pressure as well as a fixed irreversible resistance. The pulmonary arterial pressure may increase to such an extent that it exceeds the aortic pressure and consequently blood flow through a patent ductus arteriosus will be from pulmonary artery to aorta.'7-20 malformations, a high resistance must be maintained in the pulmonary vascular bed in order that some blood may pass to the systemic circulation. In the above-mentioned malformations, if the pulmonary vascular bed were to undergo its normal development after birth, the systemic circulation could not be maintained. This may also be true in an infant with a large patent ductus. The persistence of the fetal characteristics of the pulmonary vascular bed prevents the excessive flow of blood from the systemic to the pulmonary circulation.
Edwards also postulates that the increased pulmonary vascular resistance at first is compensatory. As a result, however, of prolonged pulmonary hypertension, changes occur in the intima of the smaller muscular pulmonary arteries which raise the pulmonary resistance and cause it to become irreversible. At what age these changes become irreversible is not known.24 If the resistance is irreversible, surgical closure of a patent ductus is no longer curative.26 Indeed, if blood flow through the ductus is primarily from pulmonary artery to aorta, closure of the ductus is contraindicated since the ductus is acting as an escape valve.17 Therefore, the occurrence of pulmonary hypertension offers a strong argument for early closure of a patent ductus in order to prevent possible irreversible pulmonary vascular changes.
The need for more accurate diagnosis is evident from the high incidence of diagnostic errors in this series. Differential diagnosis is difficult. Angiocardiography was attempted in only one patient (K. W.). In that patient the reopacification of the pulmonary arteries suggested a left to right shunt. The location of the shunt, however, could not be determined. Recent experience in the Cardiac Clinic suggests that angiocardiography may be of aid in the diagnosis of patent ductus with pulmonary hypertension.26 Opacification of the descending aorta immediately after or simultaneously with the main pulmonary arteries suggests a shunt through a patent ductus from pulmonary artery to aorta.
Keith27 has recently reported the value of retrograde aortography in infants with a patent ductus arteriosus by the demonstration of the filling of the pulmonary arteries directly from the aorta. This procedure has proved of great value in a later series of patients diagnosed and treated at the U. C. L. A. School of Medicine.
The high mortality rate emphasizes the risks of an exploratory thoracotomy. Therefore, every effort should first be made to reach a definitive diagnosis. Cardiac catheterization has proved of real aid. Retrograde aortography recently has proved the most helpful. Operation should not be undertaken in patients in whom the diagnosis of patent ductus arteriosus is suspected, but not definitively proved, unless the child is in heart failure which does not respond to medical measures, or unless there is good evidence of great cardiac enlargement, extremely vascular lung fields, and pulmonary hypertension.
SUMMARY
The diagnosis of patency of the ductus arteriosus in the absence of a continuous murmur is difficult. Twenty-four patients were suspected of having patent ductuses without the characteristic continuous machinery murmur. These patients showed failure to grow and develop normally, repeated episodes of pneumonia, dyspnea, early onset of cardiac failure, usually a high pulse pressure and a bounding pulse, splitting and accentuation of the second heart sound at the base, a systolic murmur along the left sternal border and commonly an apical rumbling mid-diastolic murmur. Fluoroscopy and x-ray showed an enlarged heart, especially the left auricle, increased pulmonary vascular markings and often a hilar dance. Electrocardiography frequently showed a normal electrical axis, and no ventricular hypertrophy in the precordial leads. In those patients catheterized there was marked pulmonary or right ventricular hypertension.
Fifteen patients were proved to have large patent ductuses which approximated the size of the aorta. Two patients had aortic septal defects, and seven were diagnosed at surgery as having either high ventricular defects or Eisenmenger complex. There were four fatalities. The 13 patients with patent ductuses who survived surgery were greatly helped.
Catheterization and aortography have been the most helpful in the differentiation of the patent ductuses from the others. Of the 11 patients with patent ductuses catheterized, the ductus itself was catheterized five times, and in 10 patients there was a significant rise in the oxygen content of the blood, on passing from the right ventricle to the pulmonary artery.
The association of a large patent ductus approximating the size of the aorta, pulmonary hypertension, absence of a continuous murmur, and great cardiac enlargement is striking. Pulmonary hypertension, when associated with patency of the ductus arteriosus, may be compensatory in early life. However, long continued pulmonary hypertension may lead to irreversible changes in the pulmonary vascular bed. This affords strong argument for early closure of a large patent ductus arteriosus.
There is need for more accurate diagnosis. The risks of an exploratory thoracotomy are Considerable.
